Post Ru CMP cleaning solution for particle (alumina) removal was successfully developed by controlling surface zeta potentials and choosing the proper Ru etchant. The zeta potentials of both alumina particles and Ru surface were measured as a function of pH. It was found that 1000 ppm of citric is good enough to modify the zeta potentials of both alumina particles and Ru surface at pH l 0. At this condition, both Ru and alumina particles will have negative zeta potentials which will cause repulsion between them. This effect was confirmed by measuring the adhesion force between Ru and alumina particle by using force distance method at different pH values. The lowest adhesion force between an alumina particle and the Ru surface was observed in citric acid solu tion at pH 10. However, this effect can be magnified by adding an etchant to the cleaning solution which can lift off the particles. Nai04 was chosen as Ru etchant and added to citric acid solution at pH 10. The highest PRE of 97% was achieved in citric acid solution at and slightly below 0.01 M ofNai04 concentration at pH 10. A laser zeta potential analyzer (LEZA 600, Otsuka Electronics
Co., Japan) was used to obtain the zeta potentials of alumina par tides and the Ru surface. Especially, the monitor particle used is HPC (Hydroxyl Propyl cellulose) coated PSL (Poly Styrene Latex) particle which has zero charge for measurement of Ru surface zeta cal alumina (Micron Co., Japan) was attached on the AFM tipless cantilever for the measurement of the adhesion force. The PRE on the Ru wafer was estimated in the dark field using the optical micro scope (LV100D, Nikon Co., Japan).
Results and Discussion
Ru metal has a negative surface charge. From these results it can be understood that at pH 6, the Ru surface has a negative zeta potential of 5 m V, whereas Ru oxide has a pos itive value of 3 m V. Figure 6 shows the zeta potential of Ru surface before and after the treatment in 1000 ppm citric acid solutions as a function of pH. In citric acid solutions at pH 6 and 8, the zeta 
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pH Control: NH40H -6 > E 4 -treated Ru Wafer in Citric Acid 1000 ppm -m 2 -s::: :: tively. Contaminated Ru wafers were cleaned with DI water and sol utions with 1000 ppm citric acid as a function of solution pH. DI water cleaning resulted in only 22% PRE, while citric acid added solution provided a higher PRE of 90% at pH 10, as shown in Fig.  9 . Lower PRE at pH 6 and 8 than at pH 10 might be attributed to the It is predict that the Ru surface zeta potential is similar for the increase of Nai04 concentration form 0.001 M to 0.01 M. However the oxidation rate on Ru was reported to be faster than the etching rate of Ru at higher Nai04 concentration. This positively charged surface causes attractive interaction between particles and Ru surfa ces which results in lower PRE. Therefore, efficient alumina particle removal from Ru surface can be achieved using an Ru cleaning so lution at pH 10 consisting of citric acid of 1000 ppm concentration and sodium periodate of less than 0.01 M concentration.
Conclusion
Post Ru CMP cleaning solution was developed at alkaline condi tions using citric acid solutions by adding 0.01 M Nai04 as an etch ant. In a solution with citric acid, the zeta potential of the alumina surface was changed to a negative value due to the adsorption of negative citrate ions. However, the hydrous Ru oxide, which has positive surface charge, could be formed on Ru surface in citric acid solution at pH 6 and 8. At pH 6 and 8, relatively low particle re moval efficiency was observed in citric acid solution due to the attractive force between the Ru surface and particles. At pH 10, the lowest adhesion force and highest cleaning efficiency were meas ured due to the repulsive force between the contaminated alumina particle and the Ru surface. When Nai04 was added in citric acid solution at pH 10, PRE was improved due to the detachment of con taminants by the etching of the Ru surface. The highest PRE was achieved in citric acid solution with Nai04 below 0.01 Ma t pH 10.
The effective cleaning of contaminants was achieved by optimizing the electrostatic force and under etching of the contaminated Ru surface.
